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Endovascular stent-graft repair of pararenal and
type IV thoracoabdominal aortic aneurysms with
adjunctive visceral reconstruction
Joseph John Fulton, MD, Mark A. Farber, MD, William A. Marston, MD, Robert Mendes, MD,
Matthew A. Mauro, MD, and Blair A. Keagy, MD, Chapel Hill, NC
Objective: Pararenal and type IV thoracoabdominal aortic aneurysms (TAAA) are not currently considered as indications
for endovascular repair given unfavorable neck anatomy or aneurysm involvement of the visceral vessels. Open repair of
these aneurysms is associated with significant morbidity and mortality, particularly postoperative renal dysfunction. In
selective high-risk patients, debranching of the visceral aorta to improve the proximal neck region can be used to facilitate
endovascular exclusion of the aneurysm.
Methods: Between October 2000 and July 2003, 10 patients were treated with open visceral revascularization and
endovascular repair of pararenal and type IV TAAAs at a single institution. Patient demographics and procedural
characteristics were obtained from medical records.
Results: Overall 13 visceral bypasses were performed in 10 patients: 6 patients with a single iliorenal bypass, 3 with a
hepatorenal bypass, and 1 patient with complete visceral revascularization. Juxtarenal aneurysms occurred in 5 patients
(50%), suprarenal aneurysms in 3 patients (30%), and type IV TAAAs in 2 patients (20%). All patients had successful
endovascular aneurysm exclusion. Mean follow-up was 8.7 months. There were no perioperative deaths, neurologic
deficits coagulopathies, or renal dysfunction. Follow-up spiral computed tomography scans demonstrated patency of all
bypass grafts with only one patient requiring a secondary intervention for late type I leak which was sealed with placement
of a proximal cuff.
Conclusion: These initial results suggest that are similar to infrarenal AAA endovascular repair. This combined approach
to repair of pararenal and type IV TAAAs reduces the morbidity and mortality of open repair, and represents an attractive
option in high-risk patients while endoluminal technology continues to evolve. ( J Vasc Surg 2005;41:191-8.)Pararenal and type IV thoracoabdominal aortic aneu-
rysms (TAAAs) are not currently considered as indications
for endovascular repair given the absence of an adequate
proximal neck and the need for visceral revascularization,
respectively. Commercially available endoluminal stent
grafts require a minimum length of 15 mm from the most
caudal main renal artery to the onset of the aneurysm and a
neck angle of less than 45 degrees for successful proximal
fixation and sealing. Many patients who could benefit from
this less invasive technique are excluded because of unfa-
vorable neck anatomy or aneurysm involvement of visceral
vessels.
Conventional open repair of such aneurysms frequently
requires aortic cross-clamping above the renal arteries or
proximal to the celiac trunk, which has been associated with
higher operative morbidity and mortality because of tech-
nical difficulty, obligatory visceral ischemia, and increased
physiologic stress. Published reports have indicated notably
high rates of postoperative renal dysfunction after open
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doi:10.1016/j.jvs.2004.10.049repair of both pararenal and type IV TAAAs.1-9 In patients
who are considered at high clinical risk and exhibit ana-
tomic limitations to proximal neck fixation and sealing,
endovascular repair may only be feasible by the use of
adjunctive measures to modify the implantation site,
thereby improving the proximal neck region.
This study investigated the role of adjunctive open
renal, mesenteric, or celiac artery reconstruction to
lengthen the proximal neck, in conjunction with endovas-
cular exclusion of anatomically challenging aortic aneu-
rysms in high-risk patients.
PATIENTS AND METHODS
From October 2000 to July 2003, 10 patients under-
going adjuvant visceral revascularization and endovascular
repair of PRA or TAAA-IV were identified from the Vas-
cular Surgery Operative Database at the University of
North Carolina. Institutional review board approval was
obtained, and patient demographics and procedural char-
acteristics were obtained from hospital records.
Demographics. The study group consisted of eight
men and two women, with an average age of 70 years
(range, 49 to 84 years). Aneurysm etiology included 6
degenerative aneurysms (60%), 3 pseudoaneurysms (30%),
and 1 inflammatory aneurysm (10%), with a mean aneu-
rysm size of 6.1 cm (range, 2.6 to 10 cm). All were repaired
under elective conditions. The three pseudoaneurysms oc-
curred at a site of previous aortic surgery, one being a prior
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(50%), suprarenal aneurysms in 3 patients (30%), and type
IV TAAAs in 2 patients (20%) (Table I). In one patient, an
open aneurysm repair was aborted because of severe inflam-
mation. Endovascular repair was advocated in the remain-
ing nine patients owing to coexisting risk factors.
Associated risk factors included hypertension in 5 pa-
tients (50%), cardiac disease in 5 (50%), diabetes mellitus in
2 (20%), 5 patients had a solitary functioning kidney (50%),
8 patients (80%) were smokers, and 1 was a Jehovah’s
Witness with vasculitis.
Preoperative spiral computed tomography (CT) scans
with 2 mm to 3 mm intervals were obtained on all patients,
and angiograms were performed when further information
was deemed necessary. Type IV TAAAs were defined ac-
cording to the Crawford classification, with proximal aneu-
rismal involvement of either the superior mesenteric artery
or the superiormesenteric artery and celiac artery. Pararenal
aneurysms were further subdivided into juxtarenal aneu-
rysms (those that would likely require clamping above the
renal arteries but having an anastomosis below the renal
arteries) and suprarenal aneurysms (those requiring reim-
plantation of at least one renal artery).
Potential sources of inflow were evaluated in each pa-
tient with preoperative imaging as described. Those pa-
tients with significant aortoiliac occlusive disease required
an antegrade inflow source from either the hepatic or
splenic artery. A retrograde bypass from the external iliac
artery was preferentially performed in those patients with-
out significant aortoiliac disease because it could be done
under regional anesthesia.
Technique. When unilateral renal artery debranching
Table I. Patient and aneurysm characteristics
Pt Age Comorbidities
Solitary
Kidney Aneur
1 53 GSW, PAS Yes Type IV
pseudo
2 75 CAD, AI, CHF, Afib, HTN No Type IV
3 49 Vasculitis, HTN Yes Supraren
pseudo
4 71 CAD, CHF, Afib No Supraren
5 75 PAS No Supraren
6 59 Inflammatory aneurysm† Yes Juxtarena
inflamm
AAA
7 76 CAD, DM,HTN, PAS Yes Juxtarena
pseudo
8 83 DM, HTN No Juxtarena
9 74 PAS Yes Juxtarena
0 84 CAD, HTN No Juxtarena
GSW, Gunshot wound; PAS, previous abdominal surgery; TAAA, thoracoa
CHF, congestive heart failure, Afib, atrial fibrillation; HTN, hypertension; D
*Patient had previous left nephrectomy and aneurysmal involvement of an
†Aborted open repair.is required, the ipsilateral external iliac artery is typicallychosen as the donor vessel, allowing the use of a retroper-
itoneal approach with regional anesthesia. However, when
concomitant aortoiliac occlusive disease or aneurismal in-
volvement of the iliac system precludes its use, alternative
sites of inflow must be chosen. In patients with a low-lying
right renal artery that requires lengthening of the proximal
neck, the hepatic artery can be utilized. Similarly, when the
left renal artery is the most caudal, a splenorenal bypass can
be performed. Diagnostic imaging was required to ensure
the absence of significant celiac disease.
Iliorenal bypasses were typically performed under re-
gional anesthesia through an oblique retroperitoneal inci-
sion. Dissection was carried down through the muscular
layers of the abdomen, leaving the peritoneum intact. The
retroperitoneal space was entered laterally, and the abdom-
inal contents were swept medially. After dissection and
exposure of the renal and external iliac artery was com-
pleted, a 6 mm or 8 mm polytetrafluoroethylene (PTFE)
graft was interposed between them (Fig 1).
Hepatorenal bypasses were performed for the condi-
tions described previously. Exposure of the hepatic artery
was obtained through a midline celiotomy and incision of
the hepatoduodenal ligament. The distal common hepatic,
gastroduodenal, and proper hepatic arteries were dissected
and encircled with vessel loops. The duodenum was mobi-
lized medially by a Kocher maneuver, the right renal vein
was identified, and the right renal artery was mobilized and
encircled. An arteriotomy was made in the distal common
hepatic artery or at the origin of the gastroduodenal artery.
The prosthetic graft was anastomosed to the hepatic artery
in an end-to-side manner. The graft was then anastomosed
ype
Aneurysm
Size
Neck
Length
Neck
Angle Visceral Bypass
with
rysm*
10 cm Right Ileorenal
5.6 cm Thoracoceliac
Thoracomesenteric
Left aortorenal
Right iliorenal
rysm
2.6 cm Right iliorenal
A 4.7 cm Left iliorenal
A 6.2 cm Left iliorenal
y
4.8 cm 4 mm 45 deg Hepatorenal
rysm
7.3 cm 9 mm 60 deg Hepatorenal
6.3 cm 3 mm 45 deg Left iliorenal
7.3 cm 7 mm 60 deg Hepatorenal
6.7 cm 3 mm 60 deg Left iliorenal
inal aortic aneurysm; CAD, coronary artery disease; AI, aortic insufficiency;
iabetes mellitus.
ed superior mesenteric artery.ysm t
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M, dto the mobilized right renal artery (Fig 2).
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can be performed through a midline or left subcostal inci-
sion. The posterior pancreas is mobilized by cephalad re-
flection of its inferior border. The splenic artery is mobi-
lized from the left gastroepiploic artery to its distal
branching point. The left adrenal vein is identified and
traced to its junction with the left renal vein. The adrenal
vein is then divided, and the left renal vein can then be
Fig 1. Left iliorenaretracted caudally, exposing the left renal artery. Thesplenic artery is divided, spatulated, and anastomosed in an
end-to-end fashion to the renal artery.
Patients with type IV TAAAs required complete de-
branching of the visceral aorta prior to endovascular exclu-
sion. This process was achieved through two stages.
The first stage consisted of a thoracoceliac, thora-
comesenteric, and left aortorenal bypass. The patient was
placed in the right lateral decubitus position after intuba-
ass and stent graft.tion with a double lumen endotracheal tube. A beanbag
l byp
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ing. A ninth interspace thoracoretroperitoneal incision10
was used to expose the thoracic and upper abdominal aorta.
Mobilization of the peritoneum and its contents from the
undersurface of the diaphragm was performed bluntly. The
diaphragm was incised in a curvilinear fashion 2 cm from its
costal edge to preserve innervation and with marking
stitches to improve reapproximation.
The inferior pulmonary ligament and the crus of the
Fig 2. Hepatorenadiaphragm were divided. The celiac and superior mesen-teric vessels were exposed until a suitable bypass graft site
was obtained. The left kidney was left undisturbed in its
native position to facilitate distal exposure of the superior
mesenteric artery. A partial occlusion clamp technique was
used to maintain distal aortic flow to the kidneys and spinal
cord.
The proximal anastomoses were performed with a sin-
gle clamp application to minimize repeated trauma to the
thoracic aorta. Prosthetic bypass graft conduits were used
ass and stent graft.and routed through the diaphragmatic hiatus to their re-
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grade flow.
We have a significant experience with the descending
thoracic aorta for lower extremity revascularization and
have found it to be relatively free of atherosclerotic disease.
In addition, the incision is well tolerated without significant
pulmonary or other complications. As a result, we have
expanded its use as an inflow source for mesenteric revas-
cularization.10
Thoracoretroperitoneal revascularization provides sev-
eral technical advantages. It allows for easy exposure of the
thoracic and abdominal aorta, and when necessary, con-
comitant procedures can be performed for renal and lower
extremity revascularization. It is, however, more difficult in
patients who have undergone prior left chest surgery. Be-
cause the descending thoracic aorta is rarely diseased, par-
tial occlusion is possible, thereby reducing the potential for
renal and spinal cord ischemia associated with supraceliac
clamping. Even in debilitated patients, the incision is well
tolerated. Alternatively, a transabdominal approach could
be used with antegrade bypasses from the supraceliac ab-
dominal aorta.
We typically use two separate grafts for mesenteric
bypass; in our opinion, this allows greater freedom in graft
orientation, although a bifurcated graft is an acceptable
alternative. Revascularization to the left kidney was accom-
plished by a bypass graft from the thoracomesenteric graft
to the left renal artery.
The second stage consisted of a bypass graft from the
right external iliac artery to the right renal artery through a
retroperitoneal exposure, and endovascular aneurysm re-
pair (Fig 3).
In all reconstructions, the proximal portion of the
reconstructed vessel was ligated to prevent type II endoleak
after endovascular repair.
RESULTS
Overall, 13 visceral bypasses were performed in 10 pa-
tients: 6 patients had a single iliorenal bypass, 3 had a hepato-
renal bypass, and 1 patient had complete visceral artery recon-
struction, including aortoceliac, aortomesenteric, aortorenal,
and iliorenal bypasses. In two patients (20%), open and endo-
vascular procedures were completed sequentially during the
same hospitalization (7 days).Eight patients (80%) had pro-
cedures done simultaneously. All patients who had visceral
revascularization went on to endovascular repair of their an-
eurysm. Retroperitoneal exposure was used in five of six
patients who required a single iliorenal bypass (two right-
sided, four left-sided) and amidline celiotomy was used for all
three hepatorenal bypasses. A ninth interspace thoracoretro-
peritoneal approach was used for the patient who required
complete visceral revascularization. Six (60%) of 10 patients
had approximately 100 mL of cold Ringer’s lactate solution
flushed into the kidney at the time of renal artery reconstruc-
tion.
Ringed PTFE was used as the conduit in all reconstruc-
tions. Endovascular repair was performed via common
femoral arteriotomy. A bifurcated AneuRx (Medtronic)device was used in 7 patients, a Talent (Medtronic) device
in 1 patient, and 2 patients had pseudoaneurysms excluded
with AneuRx aortic cuffs. No transvisceral stents were
placed. Two patients (20%) required additional intraoper-
ative proximal cuff placement, and one patient had a con-
tralateral hypogastric artery embolized. Completion aorto-
grams demonstrated no evidence of a type I or type III
endoleak in any patients.
Patients had scheduled evaluations with routine clinic
visits and spiral CT scans at a minimum of 1 month and 6
months postoperatively. Mean follow-up was 8.7 months
(range, 0 to 13 months). Median hospital stay was 8.5 days
(mean, 16.6 days) with a range of 5 to 77 days. A mean
average of 1.8 units of packed red blood cells was transfused
for a median blood loss of 550 mL.
No perioperative deaths, neurologic deficits, coagu-
lopathies, or renal dysfunction occurred [Table II]. One
patient with known cardiac disease experienced a postop-
erative myocardial infarction without hemodynamic se-
quelae. Postoperative arrhythmia (atrial flutter) occurred in
one patient, who was subsequently discharged in sinus
rhythm. Other complications included pneumonia in two
patients and acalculous cholecystitis in one patient that
required cholecystectomy. Follow-up spiral CT scans dem-
onstrated patency of all bypass grafts, with only one patient
requiring a secondary intervention for late type I leak that
was sealed with the placement of a proximal cuff. No late
deaths have occurred.
DISCUSSION
The endovascular treatment of infrarenal AAAs has
gainedmuch attention since it was first pioneered by Parodi
in 1991.11 In 1994, Dake et al12 extended the domain of
the stent graft to the descending thoracic aorta. Thoracic
endografts are currently under clinical trial investigation,
but they are not currently designed with either fenestra-
tions or branched configurations, which limits their use in
those aneurysms involving visceral vessels.
Endovascular grafts for the treatment of infrarenal
AAAs have been approved since 1999, providing a means
of treating patients whose comorbidities make conven-
tional repair dangerous or impossible as well as providing
a minimally invasive alternative. However, these grafts
are limited in their ability to treat aneurysms with necks
that are short or angulated (or both), or those containing
thrombus or complex morphology. Published criteria for
“severe” neck anatomy include a proximal neck less than
15 mm, an angulated neck greater than 45 degrees,
thrombus covering more than 50% of the aortic circum-
ference in the proximal neck, and a bulge or reverse taper
of the proximal neck.13, 14 Sternbergh III et al15 re-
ported that moderate (40 to 59 degrees) or severe (60
degrees) neck angulation had a 54% to 70% risk of one or
more adverse events with endovascular repair.
Patient selection was based upon aneurysm anatomy
and patient comorbidities, especially those with a high risk
cular
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solitary functioning kidney were predominant in the sur-
geon’s determination of a patient’s high associated risk.
One patient with a type IV TAAA had significant
cardiac dysfunction, atrial fibrillation, and chronic renal
insufficiency, and it was thought that he would not tolerate
aortic cross-clamping. Our second patient with a type IV
TAAA had an aneurysm that extended from the aortic
Fig 3. Complete revasbifurcation to just below the celiac axis. This patient’s leftkidney had been removed secondary to a gunshot wound
and the superior mesenteric artery was chronically occluded
and therefore only required a right renal bypass.
All of the patients in our study had anatomic condi-
tions, either visceral vessel involvement or a short/angu-
lated neck, that would have potentially jeopardized or
prevented adequate proximal fixation of an endograft or
successful infrarenal cross-clamping should open repair be
ization and stent graft.attempted. Furthermore, half of these patients had only a
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risk of renal failure during an open repair.
For the five aneurysms classified as juxtarenal, it was the
surgeon’s opinion that clamping above the renal arteries
would be necessary for open aneurysm repair. Sixty percent
of these patients had a solitary functioning kidney. The
development of renal dysfunction has consistently been the
major complication of suprarenal and supraceliac cross-
clamping. In the paper by Green et al,2 clamping above the
renals significantly increased the incidence of postoperative
renal dysfunction requiring dialysis compared with infrare-
nal clamping (18% vs 1%). Jean-Claude et al3 report renal
dysfunction in 38% of patients undergoing open juxtarenal
aneurysm repair. Cross-clamp level or suprarenal vs su-
praceliac did not influence loss of renal function.
More recently in 2002, the Cleveland Clinic compared
their results using either suprarenal or supravisceral clamp-
ing in the repair of 138 juxtarenal aneurysms.8 Their overall
5.1% mortality rate was similar to Jean-Claude, but their
data demonstrated that clamp placement above the visceral
arteries, as opposed to suprarenal, was a significant predic-
tor of mortality (11.6% vs 2.1%) and postoperative renal
insufficiency (41.9% vs 22.1%).
Our patient cohort included suprarenal aneurysms as
well as type IV TAAAs. Similarly, significant mortality and
renal failure are associated with their open repair. Jean-
Claude had a 50% incidence of renal dysfunction in repair of
58 suprarenal aneurysms. The analysis by Svensson et al9 of
Crawford’s experience with TAAAs includes 346 type IV
repairs with a mortality of 6%, renal failure in 24%, and 4%
paraplegia/paraparesis. Safi et al,16 describing repair of type
IV TAAAs, reported a 27% incidence.
Because our bypasses are typically based upon branched
inflow vessels, such as the hepatic or iliac artery, aortic
cross-clamping is avoided. In our series, which obviated
aortic cross-clamping, no patients developed postoperative
renal dysfunction despite a solitary functioning kidney in
50%, and no deaths have occurred.
The long-term durability and low complication rate of
extra-anatomic renal artery revascularization, including iliore-
nal and hepatorenal bypasses, has been demonstrated.17-19 In
addition, renal ischemic time is limited. This may explain why
there was no incidence of perioperative death, renal dysfunc-
tion, or neurologic deficit in our experience with combined
endovascular and surgical treatment in high-risk patients,
We used PTFE for all reconstructions. Many vascular
surgeons commonly use autogenous methods of renal re-
vascularization; however, several studies have demon-
strated similar excellent long-term results and low compli-
cation rates using PTFE as conduit.17, 20 The advantages of
prosthetic conduit include a variety of available diameters
and avoiding a separate field of dissection. The relatively
short length required and high flow rates throughout sys-
tole and diastole may make the type of conduit used less
significant. Other options include the use of saphenous vein
and transposition of the renal artery to either the splenic or
hepatic artery done in an end-to-side fashion.Although our mean follow-up of 8.7 months is rela-
tively short, we have not experienced any bypass failures.
The short follow-up length is due to most of our patients
having had their operation in the final 12 months of the
recruitment period. Two patients chose to have their
follow-up at institutions closer to home.
Endovascular and surgical procedures were preferen-
tially done concomitantly; however, two patients had their
bypass procedures first, with subsequent endovascular re-
pair occurring during the same hospitalization within 7
days. One patient done sequentially, who had not been
consented for endovascular repair, had an open aneurysm
repair that was aborted because of extensive inflammation.
Similar success has been reported in several case reports
that detail vascular reconstruction to facilitate placement of
an endograft involving either a juxtarenal aneurysm or type
IV TAAA. Lin et al21 described a successful left-sided
iliorenal bypass with endovascular AAA repair with a 3-year
follow-up. Two case reports6, 22 detail visceral artery recon-
struction in conjunction with endoluminal repair of type IV
TAAAs. Kotsis et al23 published a series of four patients
with a combined endovascular and surgical approach. Most
recently, Flye et al24 report retrograde revascularization of
visceral vessels followed by endovascular exclusion of
TAAAs in three patients at high risk for conventional repair.
To our knowledge, this is the first single institution case
series involving such repair of juxtarenal, suprarenal, and
type IV TAAAs. Several reports have discussed the use of
branched or fenestrated stent grafts in the treatment of
similar aneurysms,25-27 but they are still early in their
development stage. Until these devices are refined and
approved, this hybrid technique provides a highly success-
ful option for the treatment of this selective cohort.
CONCLUSION
These initial results suggest that similar to infrarenal
AAA endovascular repair, visceral bypass combined with
endovascular repair of pararenal and type IV TAAAs re-
duces the morbidity and mortality of open repair. This
approach represents an attractive option when a surgeon
faces an anatomically challenging aneurysm in high-risk
patients, especially those at increased risk of renal failure,
and can expand the indications for endovascular repair of
pararenal and TAAAs while endoluminal technology con-
Table II. Perioperative complications
Complications N  10 (%)
Death 0 (0)
Neurologic deficits 0 (0)
Renal dysfunction 0 (0)
Myocardial infarction 1 (10)
Pneumonia 2 (20)
Atrial flutter 1 (10)
Cholecystitis 1 (10)
Secondary procedure 1 (10)tinues to evolve.
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